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(57) Coding circuitry, for use in e.g. selecting cells of a cell array in a digital-to-analog converter, produces 
first and second sets of thermometer-coded output signals in dependence upon a binary input signal. As the 
input signal increases progressively in value from a first value to a second value, the first-set output signals 
are activated in a predetermined sequence and the second-set output signals are deactivated in a 
predetermined sequence. As the input signal increases progressively in value from the second value to a third 
value, the first-set output signals are deactivated in a predetermined sequence and the second-set output 
signals are activated in a predetermined sequence. 

Such coding circuitry reduces the numbers of output signals that change in response to changes in the 
input-signal value. 

In another embodiment the coding circuitry includes respective row, column and depth decoders each 
of which receives a respective part of a binary input word and derives therefrom a set of thermometer-coded 
selection signals. 

Such coding circuitry can enable selection of elements from amongst a large array of elements using 
only a small number of thermometer-coded signals. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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THERMOMETER CODING CIRCUITRY - 

The present invention relates to thermometer 
coding circuitry for use, for example, in digital-to- 
analog converters.. 

Figure 1 of the accompanying drawings shows parts 
of a conventional digital-to-analog converter (DAC) of 
the so-called "current -steering" type. The DAC 1 is 
designed to convert an m-bit digital input word (Dl-Dm) 
into a corresponding analog output signal. 

The DAC 1 includes a plurality (n) of identical 
current sources 2 ± to 2 n , where n=2 m -1. Each current 
source 2 passes a substantially constant current I. 
The DAC 1 further includes a plurality of differential 
switching circuits 4 1 to 4 n corresponding respectively 
to the n current sources 2^ to 2 n . Each differential 
switching circuit 4 is connected to its corresponding 
current source 2 and switches the current I produced by 
the current source either to a first terminal, 
connected to a first connection line A of the 
converter, or a second terminal connected to a second 
connection line B of the converter. 

Each differential switching circuit 4 receives one 
of a plurality of control signals Tl to Tn (called 
"thermometer- coded signals" for reasons explained 
hereinafter) arid selects either its first terminal or 
its second terminal in accordance with the value of the 
signal concerned. A first output current I A of the DAC 
1 is the sum of the respective currents delivered to 
the dif Cerent ial- switching- circuit . first terminals, and 
a second output current I B of the DAC 1 is the sum of 
the respective currents delivered to the dif f erential- 
switching-circuit second terminals. 

The analog output signal is the voltage difference 
V A" V B between a voltage V A produced by sinking the 
first output current I A of the DAC 1 into a resistance 
R and a voltage V B produced by sinking the second 



output current I B of the converter into another 
resistance R. f 

In the Figure 1 DAC the thermometer- coded signals 
Tl to. Tn are derived from the binary input word Dl-Dm 
by a binary- thermometer decoder 6. The decoder 6 
operates as follows. 

When the binary input word Dl-Dm has the lowest 
value the thermometer- coded signals Tl-Tn are such that 
each of the differential switching circuits 4 1 to 4 R 
selects its second terminal so that all of the current 
sources 2^ to 2 n are connected to the second connection 
line B. In this state, V A = 0 and V B = nIR. The 
analog output signal V A -V B = -nIR r 

As the binary input word Dl-Dm increases 
progressively in value, the thermometer- coded signals 
Tl to Tn produced by the decoder 6 are such that . more 
of the differential switching circuits select their 
respective first terminals (starting from the 
differential switching circuit 4 1 ) without any 
differential switching circuit that has already 
selected its first terminal switching back to its 
second terminal. When the binary input word Dl-Dm has 
the value i, the first i differential switching 
circuits ^ to 4j_ select their respective first 
terminals, whereas the remaining n-i differential 
switching circuits 4 i+1 to 4 R select their respective 
second terminals. The analog output signal V A -V B is 
equal to (2i-n)IR. 

Figure 2 shows an example of the thermometer- coded 
signals generated for a three-bit binary input word Dl- 
D3 (i.e. in this example m=3) . In this case, seven 
thermometer- coded signals Tl to T7 are required (n=2 m - 
1 = 7). 

As Figure 2 shows, the thermometer-coded signals 
Tl to Tn generated by the binary- thermometer, decoder 6 
follow a so-called thermometer code in which it is 



known that when an rth- order signal Tr is activated 
(set to "1"), all, of the lower-order signals Tl to Tr-1 
will also be activated. 

Thermometer coding is popular in DACs of the 
current -steering type because, as the binary input word 
increases, more current sources are switched to the 
first connection line A without any current source that 
is already switched to that line A being switched to 
the other line B. Accordingly, the input/output 
characteristic of the DAC is monotonic and the glitch 
impulse resulting from a change of 1 in the input word 
is small . 

It will be appreciated that the number of current 
sources 2 and corresponding differential switching 
circuits 4 in the Figure 1 architecture is quite large, 
particularly when m is greater than or equal to 6. 
When m = 6, for example, n = 63, and 63 current sources 
and 63 differential switching circuits are required. 
In order to deal with such a large number of current 
sources, and to enable the thermometer signals to be 
delivered efficiently to the different differential 
switching circuits, it has been proposed to arrange the 
current sources and differential switching circuits as 
a two-dimensional array^of cells, each cell including 
one current source and its associated differential 
switching circuit. This arrangement is shown in Figure 
3. 

In Figure 3, 64 cells Cl^j are arranged in an 8 x 
8 square array having eight rows and eight columns. In 
Figure 3, the first digit of the suffix applied to each 
cell denotes the row in which the cell is located and 
the second digit of the suf fix . denotes the column in 
which the cell is located. Thus, the cell CL 18 is the 
cell in row 1, column 8. 

Each cell CL— includes its own current, source 2 
and its own differential switching circuit 4. The 



-4- 

respective first terminals of the cells of -the array 
are connected together to a first connection line A of 
the DAC and the respective second terminals of the 
cells of the array are connected together to a second 
5 connection line B of the DAC, as in the Figure 1 DAC. 

•In order to avoid having to generate and supply 
different respective thermometer- coded signals to all 
the cells of the array, a two- stage decoding process is 
adopted to convert the binary input word D1-D6 into the 

10 respective thermometer- coded control signals T required 

by the differential switching circuits 4 in the 
different cells. The first stage of this two-stage 
decoding process is carried out by respective row and 
column decoders 12 and 14, and the second stage is 

15 carried out by a local decoder 16 provided for each 

cell. 

The three lower-order bits D1-D3 of the binary 
input word are applied to the column decoder 14 which 
derives therefrom seven thermometer- coded column 

20 selection signals in accordance with Figure 2. The row 

decoder 12 receives the three higher-order bits D4-D6 
of the input word and derives therefrom seven 
thermometer -coded row selection signals, also in 
accordance with Figure 2 . The row and column selection 

25 signals are distributed to the cells of the array. 

In each cell the local decoder 16 combines the row 
and column selection signals to derive therefrom the 
required local control signal T for the differential 
switching circuit 4 of the cell concerned. In 

30 practice, the local decoder 16 in each cell does not 

need to employ all seven row and column selection 
signals to produce the required local control signal T. 
This is because, for any digital input word, the rows 
of the matrix fall into one of three different states: 

35 (1) rows in which the respective differential switching 

circuits of all cells of the row select the second 



terminal; (2) rows in which the respective differential 
switching circuits of all cells of the row select the 
first terminal; and (3) a (unique) row in which the 
differential switching circuits .of one or more cells of 
the row select the second terminal whereas the 
differential switching circuits of one or more other 
cells of the row select the first terminal. In view of 
these limited possibilities, it is possible for each 
local decoder to derive its local control signal T 
simply by combining two of the row selection signals r n 
and r n+1 and one of the column selection signals c n - 

One problem which arises in the Figure 3 
arrangement is that the lines which connect the first 
and second- terminals of the differential switching 
circuit 4 of each cell to the first and second 
connection lines A and B (Figure 1) inevitably 
experience a significant amount of coupling from the 
digital row and column selection signals that propagate 
in orthogonal directions across the array. When the 
row and column decoders 12 and 14 and local decoder 16 
are formed from CMOS circuitry, the row and column 
selection signals normally change between Vdd and Vss 
and are single -ended, resulting in substantial coupling 
to the analog outputs. * 

According to a first aspect of the present 
invention, there is provided coding circuitry, for 
producing a first set of thermometer- coded output 
signals in dependence upon a binary input signal, 
wherein, as the input signal increases progressively in 
value from a first value to a second value, the first - 
set output signals are activated in a predetermined 
sequence and, as the input signal increases 
progressively in value from the said second value to a 
third value, the first -set output signals are 
deactivated in a predetermined sequence. 

In such circuitry the output signals are not all 



deactivated when the input-signal value is^ changed from 
the second value to the next-highest value. 
Accordingly, a large glitch is avoided at the second 
value . 

"Activated" in relation to an output signal means 
that the signal changes from a first logic level to a 
second logic level. "Deactivation" means that the 
signal changes from the second logic level to the first 
logic level. For example the first and second logic 
levels may be the low logic level "L" (or "0") and "H" 
(or "1") respectively. 

Preferably, when the input-signal value changes 
from any value to the next -highest value or to the 
next -lowest value, at most one of the first -set output 
signals is activated or deactivated. This keeps 
glitches to a minimum. 

It is not necessary for there to be a change in 
the first -set output signals for every unit change in 
the input-signal value. For example, in one preferred 
embodiment, when the input signal decreases in value 
from the said second value to the next -lowest value, 
none of the first-set output signals is changed. 

Preferably, the predetermined activation and 
deactivation sequences for the first-set output signals 
are such that the first output signal to be activated 
in the activation sequence is the last output signal to 
be deactivated in the deactivation sequence. 
Alternatively, the activation and deactivation 
sequences could be the same. 

In a preferred embodiment, the coding circuitry is 
further operable to produce a second set of 
thermometer -coded output signals in dependence upon the 
said binary input signal such that, as the input signal 
increases progressively in value from the said first 
value to the said second value, the second- set output 
signals are deactivated in a predetermined sequence 



and, as the input signal increases progressively in 
value from the said second value to the said third 
value, the second-set output, signals are activated in a 
predetermined sequence. 

In this case each output signal of the first set 
can be regarded as having an individually-corresponding 
output signal of the second set, which two output 
signals can be delivered as a output-signal pair to a 
line of circuit elements, e.g. a column in a two- 
dimensional array of the elements. Even-numbered; 
circuit elements along the column use as their 
selection signal one output signal of the pair (e.g. 
the first-set output signal) whereas odd-numbered 
circuit elements of the column use as their selection 
signal the other output signal of the pair (e.g. the 
second- set output signal) . This enables the circuit 
elements in even -numbered, rows to be activated in the 
same sequence as circuit elements in the odd-numbered 
rows, without the need to supply more than two output 
signals to each column and without the heed for complex 
further decoding logic associated with each circuit 
element . 

As with the first-set output signals, it is 
preferable that when the input -signal value changes 
from any value to the next-highest value or the next- 
lowest value, at most only one second- set output signal 
is activated or deactivated. Similarly, when the input 
signal decreases from the said second value to the 
next -lowest value, it is possible that none of the 
second-set output signals is changed. 

It is preferable that when the input signal 
changes from one value to another value the number of 
output signals that are deactivated in one of the first 
and second output-signal sets is equal to the number of 
output signals that are activated in the other of the 
first and second output -signal sets . This means that 
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the changes in the two sets of output signals cancel 
one another out for noise purposes . 

According to a second aspect of the present 
invention there is provided cell array circuitry 
5 including: a plurality of cells arrayed logically (i.e. 

not necessarily physically) in rows and columns, each 
cell of the array having local decoder means connected 
for receiving a row selection signal corresponding to 
its row and a column selection signal corresponding to 

10 its column, and operable, in dependence upon the 

received row . and column selection signals, to produce a 
control signal for use in controlling a predetermined 
operation of the cell; a row decoder for producing the 
said row selection signals corresponding respectively 

15 to the said rows; and a column decoder, comprising 

coding circuitry embodying the aforesaid first aspect 
of the present invention,^ the said column selection 
signals corresponding respectively to the said columns 
being provided by the said output signals of the coding 

20 circuitry. 

In such circuitry the cells of the array can be 
selected efficiently using only one or two row 
selection signals per row and one or two column 
selection signals per column, without the problems 

25 associated with a full set of column selection signals 

changing at certain input-signal values. 

The cells may contain any suitable circuitry, for 
example current sources or current sinks, resistance 
elements, capacitance elements, mixers etc. 

30 The predetermined operation may be any type of 

operation of the cell. For example, it could be a 
switching or selection operation for switching on or 
off, or controlling the output path of, an (analog) 
output signal of the cell. 

3 5 It is not necessary- for the local decoder means of 

each cell to be located with the other circuitry 



belonging to the cell. For example, the analog 
circuitry of the cells may be located in a physical 
array, with the local decoder means (digital circuitry) 
of the cells located around the .periphery of the 
physical array containing the analog circuitry- This 
can enable the analog and digital circuitry to be 
physically separate, so that coupling of noise from the 
digital circuitry to the analog circuitry is reduced. 
Also, by concentrating the analog circuitry of 
different cells in a small area, the physical and 
electrical conditions of the analog circuitry of 
different cells can be closely matched. 

The local decoder means assoqiated with each cell 
can have a simple construction (e.g. two logic gates) , 
contributing to low signal propagation delays as well 
as low cost. It is not necessary for the local decoder 
means to be located in its associated cell. 

Preferably the said row selection signals are also 
thermometer-coded signals, so as to minimise glitches 
associated with the row selection. In this case, each 
cell may also be -connected for receiving the row 
selection signal corresponding to the next row of the 
array, so as to enable the local decoder means to 
respond to the column selection signal for the cell 
differently depending on whether or not the row in 
which the cell is located is the highest -numbered row 
to be selected. 

There may be only one set of column selection 
signals, in which case each cell only receives one such 
column selection signal. For example, the array of 
cells may be regarded as having alternate first and 
second rows (logically alternate, not necessarily 
physically alternate) . In this case, the local decoder 
means in first -row cells is different from the local 
decoder means in second-row cells. For example, the 
local decoder means in each first-row cell is operable 



to produce its said control signal when the said row 
selection signal corresponding to the cell's row and 
the said column selection signal corresponding to the 
cell's column are both activated or when the said row 
selection signal corresponding to the next row is 
activated. The local decoder means in each second-row 
cell, on the other hand, is operable to produce its 
said control signal when the said row selection signal 
corresponding to the cell's row is activated and the 
said column selection signal corresponding to the 
cell's column is deactivated or when the said row 

selection signal corresponding to the next row is 

activated. 

In the above arrangement, the selection sequence 
in the first rows is reversed in comparison with the 
second rows. If it is desired to avoid this reversal, 
the above-mentioned second set of column selection 
signals should be produced by the coding circuitry, in 
addition to the first set. Then, each column can have 
respective first and second column selection signals 
corresponding to the column concerned, the first column 
selection signals corresponding to the different 
columns being provided respectively by the first-set 
output signals of the coding circuitry and the second 
column selection signals corresponding to the different 
columns being provided respectively by the second-set 
output signals of the coding circuitry. The cell array 
can then be regarded as. having alternate first and 
second rows (logically alternate, not necessarily 
physically alternate) . For each column of the array, 
the local decoder means of first -row cells of the 
column concerned are connected to receive the said 
first column selection signal corresponding to the 
column concerned, and the local decoder means of 
second- row cells of the column concerned are connected 
to receive the second column selection signal 
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corresponciing to the column concerned. In * this case, 
the selection sequences in the first and second rows 
are the same, even though each local decoder means only 
receives one column selection signal. If the cells are 
arrayed physically (as well as logically) in rows and 
columns, the distribution of selection signals is still 
convenient as only two column selection signals per 
column are required. 

The logic required in the local decoder means of 
each cell is desirably simple and can be the same for 
all cells (both first -row cells and second-row cells), 
simplifying the design. For example, the said local 
decoder means in each cell is operable to produce its 
said control signal when the said row selection signal 
corresponding to the cell's row and the said column 
selection signal corresponding to the cell's column are 
both activated or when the said row selection signal 
corresponding to the next row of the array is 
activated. 

In a preferred embodiment, the row decoder is 
connected for receiving a first portion (e.g. two or 
more -most -significant " bits) of a binary input-word 
signal applied to the cell array circuitry and produces 
the said row selection signals in dependence upon the 
first portion, and the said column decoder is connected 
for receiving a second portion (e.g. two or more least- 
significant bits) of that binary input-word signal, 
which portion constitutes the said binary input signal 
of the said coding circuitry. In this way, a single 
binary input word can be used conveniently to select, 
the cells of the array. For example, when the input 
word has the value i, the first i cells of the array 
are selected. 

According to a third aspect of the present 
invention there is provided a digital-to-analog 
converter including cell array circuitry embodying the 
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aforesaid second aspect of the invention, wherein each 
of the said cells . comprises a current source or current 
sink and a switch circuit having an input connected to 
the current source/sink of the cell and also having 
respective first and second outputs, and operable 
selectively, in dependence upon the said control 
signal, to connect its said input to its said first 
output or to its said second output. 

According to a fourth aspect of the present 
invention there is provided coding circuitry, for 
producing thermometer-coded output signals in 
dependence upon binary input signals, including: first 
coding means connected for receiving a first binary 
input signal and operable to derive therefrom a first 
set of thermometer- coded output signals; second coding 
means connected for receiving a second binary input 
signal and operable to derive therefrom a second set of 
thermometer- coded output signals; and third coding 
means connected for receiving a third binary input 
signal and operable to derive therefrom a third set of 
thermometer- coded output signals. 

In such coding circuitry the three sets of output 
signals can enable a small total number of output 
signals to be used to select circuit elements of a 
large array (logical array, not necessarily physical) 
using desirably simple logic. The propagation delays 
associated with the coding circuitry can be desirably 
uniform and short. 

The first, second and third binary input signals 
may be provided from different respective sources. 
Preferably, however, at least two, and more preferably 
all three, of the said first, second and third binary 
input signals are derived from a common input -word 
signal. It is convenient to be able to select circuit 
elements from a single input signal. For example, the 
first, second and third binary input signals may be 



-13- 

de rived from different respective portions ^(e.g. most- 
significant, middle -order, and least-significant bits) 
of the said common input-word signal. 

The output -signal sets may .embody conventional 
thermometer codes. However, the output-signal set 
derived by at least one of the. said first, second and 
third coding means is preferably a smoothed output - 
signal set of the type produced by coding circuitry 
embodying the aforesaid first aspect of the invention. 
This reduces glitches associated with the selection 
signals of a set all changing at certain input-signal 
values. 

Further, the or each coding ^ means that derives 
such a smoothed output-signal set is also preferably 
operable to derive two such smoothed sets of the 
thermometer- coded output signals. This has advantages 
in ensuring consistency in the selection sequences of 
different lines of the circuit elements. 

According to a fifth aspect of the present 
invention there is provided cell array circuitry 
including: a plurality of cells arrayed logically (not 
necessarily physically as well) in respective first, 
second and third dimensions (e.g. row, column and depth 
directions) , each oell of the array having local . 
decoder means connected for receiving a first -dimension 
selection signal (e.g. a row selection signal) 
corresponding to its first -dimension position in the 
array and a second- dimension selection signal (e.g. a 
column selection signal) corresponding to its second- 
dimension position in the array and a third- dimension 
selection signal (e.g. a depth selection signal) 
corresponding to its third-dimension position in the 
array, and operable, in dependence upon the received 
selection signals, to produce a control signal for use 
in controlling a predetermined operation of the cell; 
and coding circuitry embodying the aforesaid fourth 



# 
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aspect of the present invention, the said first - 
dimension, second-jdimension and third- dimension 
selection signals being provided by the said first, 
second and third output -signal sets respectively. 
5 Each cell is preferably also connected for 

receiving the row selection signal corresponding to the 
next row of the array and the column selection signal 
corresponding to the next column of the array. This 
can enable the local decoder means to respond to the 

10 column selection signal for its cell differently 

depending on whether or not the row in which the cell 
is located is the highest -numbered row to be selected, 
and to respond to the depth selection signal for its 
cell differently depending on whether or not the column 

15 in which the' cell is located is the highest -numbered 

column to be selected. 

Preferably, the third coding means in the coding 
circuitry are operable to produce two such smoothed 
output -signal sets serving to provide, for each third- 

2 0 dimension position, a first third-dimension selection 

signal corresponding to that position and a second 
third- dimension selection signal corresponding to that 
position. In this case, the cell array can be 
considered as having alternate (logically alternate, 
25 not necessarily physically alternate) first and second 

second- dimension positions. For each third-dimension 
position, the local decoder means of cells at the first 
second-dimension positions are connected to receive the 
said first third- dimension selection signal 

3 0 corresponding to the third- dimension position 

concerned, and the local decoder means of cells at the 
second second-dimension positions are connected to 
receive the said second third- dimension selection 
signal corresponding to the third-dimension position 
3 5 concerned. This enables the selection sequences in the 

second- dimension lines (e.g. the columns) to be the 
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same ♦ 

Alternatively, or in addition, the said second 
coding means in the coding circuitry are operable to . 
produce two such smoothed output-signal sets serving to 
provide, for each second -dimension position, a first 
second- dimension selection signal corresponding to that 
position and a second second-dimension selection signal 
corresponding to that position. In this case, the cell 
array can be regarded as having alternate first and 
second first-dimension positions. For each second- 
dimension position, the local decoder means of cells at 
the first first -dimension positions are connected to 
receive the said first second- dimension selection 
signal corresponding to the second-dimension position 
concerned, and the local decoder means cells at the 
second first-dimension positions are connected to 
receive the said second second- dimension selection 
signal corresponding to the second-dimension position 
concerned. This enables the selection sequences in the 
first -dimension lines (e.g. the rows) to be the same. 

According to a sixth aspect of the present 
invention there is provided a digital-to-analog 
converter including cell array circuitry embodying the 
aforesaid fifth aspect of the present invention, 
wherein each of the said cells comprises a current 
source or current sink and a switch circuit having an 
input connected to the current source/sink of the cell 
and also having respective first and second outputs, 
and operable selectively, in dependence upon the said 
control signal, to connect its said input to its said 
first output or to its said second output. 

Embodiments of the aforesaid third or sixth aspect 
of the present invention can provide a current -steered 
DAC in which glitches in the analog output signal are 
reduced highly effectively. 

The current source/sink circuits of the cells may 



be located together in a physical array, with the local 
decoder means and, switch circuits located separately 
from the physical array, e.g. as peripheral circuits, 
so as to isolate the analog and .digital circuitry and 
thereby improve noise immunity. Also, by concentrating 
the current source/sink circuits together in one place 
it is possible to improve the matching between the 
closely-proximate source/sink circuits. 

The DAC may be of the fully or partially segmented 
type, in which case the respective current 
sources/sinks of the said cells source/sink identical 
currents. Alternatively, the currents sourced/sunk by 
different cells may be different from one another. 

One of the first and second outputs of each switch 
circuit may be connected to a fixed-potential line such 
as ground, the other switch- element outputs being 
connected in common to a ..summing path of the converter. 
However, in a preferred embodiment the respective first 
outputs of the cells are connected together to a first 
summing path of the converter and the respective second 
outputs of the cells are connected together to a second 
summing path of the converter. In this type of DAC the 
analog output signal of the converter is of the 
differential type which ^ has advantages in terms of 
connecting the DAC to further circuitry for processing 
the analog output. For example, the differential 
output signal can be delivered by long signal lines to 
a transformer or the like without significant noise- 
related problems . 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Figure 1, discussed hereinbefore, shows parts of a 
convent ional DAC ; 

Figure 2, also discussed hereinbefore, presents a 
table showing thermometer- coded signals derived from a 
binary input word; 
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Figure 3, also discussed hereinbefore/ shows a 
two-dimensional array of cells previously proposed for 
use in a DAC; 

Figure 4 shows schematically an array of cells in 
a DAC according to a first embodiment of the present 
invention; 

Figure 5 shows an example constitution of one of 
the cells in the Figure 4 cell array; 

Figure 6 shows parts of input circuitry of a DAC 
according to the first embodiment; 

Figures 7(A) to 7 (C) show examples of the 
constitution of a column decoder in the Figure 6 input 
circuitry; 

Figure 8 shows an example constitution of a row 
decoder in the Figure 6 input circuit ry; 

Figure 9 presents a table showing row and column 
selection signals produced by the Figure € input 
circuitry in response to different values of a binary 
input word; 

Figure 10 shows schematically an array of cells in 
a DAC according to a second embodiment of the present 
invention; 

Figure 11 shows an example constitution of one of 
the cells in the Figure 4 10 cell array; 

Figure 12 shows parts of input circuitry of a DAC 
according to the second embodiment; 

Figure 13 shows an example constitution of a depth 
decoder in the Figure 12 input circuitry; 

Figure 14 shows an example constitution of a 
column decoder in the Figure 12 input circuitry ; 

Figure 15 shows an example constitution of a row 
decoder in the Figure 12 input circuitry; and 

Figure 16 presents a table showing respective row, 
column and depth selection signals produced by the 
Figure 12 input circuitry in response to 
different values of a binary input word. 
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Figure 4 shows an arrangement of cells in eight 
rows and eight columns, suitable for use in a DAC 
according to a first embodiment of the present 
invention. As shown in Figure 5, each cell includes a 
current source 2 and a differential switching circuit 4 
which, in accordance with a control signal T applied to 
it, selects either to deliver the current 1 generated 
by the current source 2 to a first output terminal OUT A 
of the cell or to a second output terminal OUT B of the 
cell.. The respective output terminals OUT A of the 
different cells are connected together to a first 
summing path (not shown) and the respective output 
terminals OUT B of the different cells are also 
connected together to a second summing path (not 
shown) . 

Incidentally, the numbers allocated to the cells 
in Figure 4 denote the order in which the cells are 
caused to change from selecting their respective second 
output terminals to selecting their respective first 
output terminals as the binary input word of the DAC 
increases in value. For example, when the input word 
has the value 13, the first 14 cells (0 to 13) select 
their first output terminals and the remaining cells 
(14 to 63) select their^ second output terminals. Cell 
0 always selects its first output terminal in this 
embodiment . 

Each cell further comprises a local decoder 26 
which, in this embodiment, comprises a two-input AND 
gate 2 8 and a two- input OR gate 30. The local decoder 
2 6 of the cell receives first and second row signals 
r n+ l and r n and a column signal c n . 

The two row signals r n+1 and r n and the column 
signal c n applied to the local decoder 2 6 of each cell 
are provided by a set of "normal" thermometer- coded row 
selection signals ROW 0-6 and by two sets of "smoothed" 
thermometer- coded column selection signals COL A0~6 and 



COL BO-6 , as shown schematically in Figure 4. 

Dealing firstly with the rows, all eight cells in 
any particular row of the cell array receive the same 
two row signals r n and r n+] _. The thermometer- coded row 
selection signals ROW 0 to ROW 6 correspond 
respectively to rows 0 to 6 of the Figure 4 cell array. 

In each of rows 0 to 6 the cells of the row. 
receive, as the first row signal r n+1 , the row 
selection signal corresponding to the row concerned. 
The first row signal r n+1 for the cells of row 7 is 
simply set permanently to logic level "0". 

In each of rows 1 to 7, the cells of the row also 
receive, as the second row signal. r n , the row selection 
signal corresponding to the preceding row of the cell 
array. In the case of row 0, the second row signal r n 
for all of the cells of the row is simply set 
permanently to logic level "1". 

For example, as shown in Figure 4, the eight cells 
numbered 16 to 23 of row 2 each receive as the first 
row signal r n+1 the row selection signal ROW 2 
corresponding to that row and receive as the second row 
signal r n the row. selection signal ROW 1 corresponding 
to the preceding row 1 of the cell array. 

In the column direction, as shown in Figure 4 
there are two sets of thermometer- coded column 
selection signals COL A and COL B. Each of columns 1 
to 7 has a corresponding COL A selection signal and a 
corresponding COL B selection signal. For example, 
column 1 has a first corresponding column selection 
signal COL AG and a second corresponding column 
selection signal COL BO. 

Within each column, the cells of the even-numbered 
rows (row 0, 2, 4 and 6) receive as the column signal 
c n the corresponding COL A selection signal, whereas 
the cells in odd-numbered rows of the column, receive as 
the column signal c n the corresponding COL B selection 



signal. By way of example, Figure 4 shows the column 
signals c n for the different cells of column 2 (cells 
2, 10, 18, 26, 34, 42, 50 and 58). For each of the 
cells in the even-numbered rows .(cells 2, 18, 34 and 
50) , c n = COL Al, whereas for each of the cells in the 
odd-numbered rows (10, 26, 42 and 58) c n = COL Bl. 

The cells of column 1 each have the column signal 
c n set permanently to logic "1". 

Referring next to Figures 6-9, the way in which 
the row selection signals ROW 0 to ROW 6 and the two 
sets of column selection signals COL A and COL B are 
generated will now be described. As shown in Figure 6, 
the DAC according to the first embodiment comprises an 
input latch 3 2 to which a six-bit binary input word D0- 
D5 is applied. The input latch 32 latches each bit DO 
to D5 of the binary input word in dependence upon a 
clock signal CLK applied .to the latch 32. The latch 
has six pairs of mutually- complementary outputs SO, SO 
SI, SI, . . . S5, S5 corresponding respectively to the 
different bits DO to D5 of the binary input word. 

The three lower-order outputs SO /SO , Sl/Sl and 
S2/S2 are connected to respective complementary inputs 
10/10/ 11/11 and 12/12 of a column decoder 34 . A 
further input 13 of the ^ column decoder 34 is connected 
to the output S3 of the input latch 32. 

The three higher- order outputs S3/S3, S4/S4 and 
S5/S5 are applied to respective complementary inputs 
10/10, 11/11 and 12/12 of a row decoder 36. 

The construction and operation of the column 
decoder 34 will now be explained with reference to 
Figures 7 (A) to 7 (C) . 

As shown in Figure 7 (A) each pair of complementary 
inputs of the column decoder 34 is connected to a 
different multiplexer M0 to M2 . A selection input of 
each multiplexer M0 to M2 is connected to the 13 input 
of the column decoder 34. The multiplexer M0 produces 



an output signal C, the multiplexer Ml produces an 
output signal B, and the multiplexer M2 produces an 
output signal A. 

In operation of the column .decoder 34, each 
multiplexer MO to M2 selects one of its two 
complementary inputs according to the value of the 
signal applied to the 13 input of the column decoder 
34. For example, the multiplexer MO selects the 10 
input when the 13 input is 0 and selects the 10 input 
when the 13 input is l. The signal at the selected 
input is delivered by the multiplexer MO as the output 
signal C thereof. The multiplexers Ml and M2 function 
in a similar manner to the multiplexer MO . 

The first set of column selection signals COL AO 
to COL A6 is generated by a first group of gates GA1 as 
shown in Figure 7(B) . For example, the column 
selection signal COL AO is generated by a three-input 
OR gate which produces the logical -OR of the output 
signals A to C of the multiplexers. 

* The second set of column selection signals COL BO 
to COL B6 is generated by a second group of gates GA2 
as shown in Figure 7(C). For example, the column 
selection signal COL BO is generated by a three- input 
NAND gate which produces the logical -NAND of the output 
signals A to C of the multiplexers MO to M2. 

The row decoder 3 6 of Figure 6 is implemented by 
circuitry similar to the column decoder 34. However, 
as shown in Figure 8, in this case only a group of 
gates GA3 corresponding to the first group of gates GA1 
(Figure 7 (B) ) of the column decoder 34 is required, 
which gates GA3 are driven directly by the signals S3- 
S5 received respectively at the 10-12 inputs of the row 
decoder. The multiplexers MO to M2 (Figure 7(A)) and 
the second set of gates GA2 (Figure 7 (C) ) of the column 
decoder 34 are not required for the row decoder 36. 

Figure 9 presents a table showing the row 
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selection signals and column selection signals produced 
by the row and column decoders 34 and 3 6 of Figure 6. 
It can be seen from Figure 9 that, whereas the row 
selection signals ROW 0-6 are thermometer- coded in the 
normal (conventional) manner, each set COL A0~ 6 and COL 
B0~6 of column selection signals is thermometer- coded 
in a modified or smoothed manner such that there is no 
return to zero after a full-scale value (e.g. see COL A 
when the input -word value changes from 7 to 8) . 

In the conventional row- and- column (two 
dimensional) thermometer coding technique, on the other 
hand, only one set of normally- coded column selection 
signals is used and these column selection signals 
change from being all 1's to being all 0/ s whenever 
there is a change in the row selection signals, e.g. 
when the input word changes from 7 to 8 . This leads to 
eight signals being changed (all of the column 
selection signals and. one of the row . selection signals) 
simultaneously, giving rise to significant coupling 
from the digital selection signals to the analog 
outputs of the cells . 

Referring to Figure 9 it can be seen that when the 
input word changes by 1, at most only one of the row 
selection signals changes. When such a row-selection- 
signal change occurs, there is no change in either set 
of column selection signals COL A or COL B - see for 
example input codes 7 and 8 which produce the same 
column selection signals COL A and COL B. 

Similarly, for other increases of 1 in the value 
of the input word, none of the row selection signals 
ROW 0 to ROW 6 changes and at most only one signal in 
each of the sets COL A and COL B of column selection 
signals changes - see for example the change in input 
word from 3 to 4. 

It will also be appreciated from comparing the COL 
A and COL B sequences in Figure 9 that whenever the 



input -word value changes/ such that one or more column 
selection signals, of COL. A change, the same number of 
column selection signals of COL B undergo changes 
complementary to the COL A changes. The equal numbers 
of complementary changes cancel one another out, such 
that the noise effect on the power supply is minimised. 
Thus, even though the use of the two sets of column 
selection signals COL A and COL B means that there are 
21 selection signals in total, to distribute to the 
different cells, the effective noise level corresponds 
only to 7 signals (the number of row selection signals) 
because the two sets of column selection signals cancel 
one another out for noise purposes . 

It will be understood that when using a smoothed 
set COL A of column selection signals it is not 
necessary to provide the second set COL B of column 
selection signals in every embodiment . For example, it 
would be possible to provide local decoders in the 
cells of the odd-numbered rows, 1, 3, 5 and 7 that are 
different from the local decoders 26 (Figure 5) 
provided in the cells of the even-numbered rows 0, 2, 4 
and 6. In this case, all cells of a column would 
receive the corresponding COL A selection signal but 
instead of performing the logical function 
T = r n+1 + ( r rr c n)' the local decoders in the cells of 
odd-numbered rows would perform the logical function 
T = r n+1 + (r n .c n ) . In this case, the order of the 
cells in the even-numbered rows is as shown in Figure 
4, but in the odd-numbered rows the order of the cells 
is reversed. Thus, for example, in row 1 the order of 
the cells from left to right would be 15, 14, 13, 12, 
11, 10, 9, 8. This order reversal, however, poses no 
practical problems. In terms of "noise level", 
however, such an approach is equivalent to 14 signals. 
Nonetheless, there is still the advantage that not more 
than one of the row and column selection signals 



changes in response to a change of one in the value of 
the input word. , 

It will also be understood that although the cells 
are shown in Figure 4 as being arrayed physically in 
rows and columns, it is not essential that such a row- 
and-column physical arrangement be used, and only a 
"logical" row- and- column arrangement is necessary. For 
example, the eight rows could be spaced apart or 
staggered or even laid out end-to-end. 

It will be seen that the worst -case propagation 
delay (as between the outputs of the input latch 32 and 
the control signal T of a cell) in the first embodiment - 
corresponds to four individual gate delays. For 
example the row selection signal COL A4 is produced by 
two series-connected gates of the gate group GA1 
(Figure 7(B)), and the local decoder 26 in each cell of 
column 5 that is responsive to COL A4 also contains two 
series -connected gates 28 and 30 (Figure 5) . 

Figure 10 shows a three-dimensional array of cells 
for use in a DAC according to. a second embodiment of 
the present invention. In this embodiment there are 
again 64 cells in total, arranged in a 4 x 4 x 4 cubic 
array. Thus, from front to back (depth direction) 
there are 4 row 0's, 4 row l's, 4 row 2's and 4 row 
3/s; and 4 column 0' s, 4 column l's, 4 column 2's and 4 
column 3's. From front to back (depth direction) there 
are 4 layers of square cell arrays. Again, the numbers 
allocated to the cells in Figure 10 denote the order in 
the cells change their output -terminal selections as 
the DAC input word increases progressively. 

The constitution of each of the cells in the 
Figure 10 array is shown in Figure 11. 

In Figure 11, the current source 2 and 
differential switching circuit 4 are the same as in 
Figure 5 (first embodiment) but the local decoder 46 in 
Figure 11 differs from the local decoder 26 in Figure 



The local decoder 46 in Figure 11 comprises a 
three-input OR gate 52 , a first input of which receives 
a first row signal r n+1 for the .cell concerned. A 
second input of the OR gate 52 is connected to the 
output of a two -input AND gate 50 which receives at one 
input a second row signal r n and at the other input a 
first column signal c n+1 . The third input of the OR 
gate 52 is connected to the output of a three -input AND 
gate 48 which receives at its first input the. 
aforementioned second row signal r n and at its second 
input a second column select signal c n and at its third 
input a depth signal dj^. ^ 

The derivation of the row, column and depth 
signals for each cell will now be explained with 
reference to Figure 10. In this embodiment there is 
one "normal" set of row selection signals ROW 0-2, two 
"smoothed" sets COL AO-2 and COL B0~2 of column 
selection signals, and two "smoothed" sets DEP A0~2 and 
DEP BO-2 of depth selection signals. 

For the cells in any row 0, i.e. cells 0 to 15, 
the second row signal r n is simply set permanently to 
logic 1 and the first row signal r n+1 is provided by a 
row selection signal ROW 0 corresponding to row 0 of 
the array. For the cells of any row 1 of the' array, 
i.e. cells 16 to 31, the second row signal r n is ■ 
provided by the row selection signal ROW 0 
corresponding to the preceding row 0 of the array and 
the first row signal r n+1 is provided by a row 
selection signal ROW 1 corresponding to row 1 of the 
array. For the cells of any row 2 (cells 32 to 47) r n 
" ROW 1 aad r n +i is Provided by a row selection signal 
ROW 2 corresponding to row 2 of the array. Finally, 
for the cells of any row 3 (cells 48 to 63) r n = ROW 2 
and r n+l = °- 

For the cells of any column 0 (cells 0 to 3, 16 -to 



19, 32 to 35 and 48 to 51) the second column signal c n 
is set permanently to logic 1 and the first column 
signal c n+1 is provided by a first -set column selection 
signal COL AO if the cell is in .an even row and by a 
second- set column selection signal COL BO if the cell 
is in an odd -numbered row. For the cells of any column 
1 (cells 4 to 7, 20 to 23, 36 to 39 and 52 to 55) the 
second column signal c n is provided by COL AO if the 
cell is in an even-numbered row and by COL BO if the 
cell is in an odd-numbered row. The first column 
signal c n+1 is provided by a first -set column selection 
signal COL Al if the cell is in an even -numbered row 
and by a second- set column selection signal COL Bl if 
the cell is in an odd-numbered row. For cells in any 
column 2 (cells 8 to 11, 24 to 27, 40 to 43 and 56 to 
59), the second column signal c n is provided by COL Al 
if the cell is in an even-numbered row and by COL Bl if 
the cell is in an odd-numbered row. The first column 
signal c n+1 is provided by a first -set column selection 
signal COL A2 if the cell is in an even-numbered row 
and by a second-set column selection signal COL B2 if 
the cell is in an odd-numbered row. Finally, for the 
cells in any column 3 (cells 12 to 15, 28 to 31, 40 to 
47 and 60 to 63) the second column signal c n is 
provided by COL A2 if the cell is in an even-numbered 
row and by COL B2 if the cell is in an odd-numbered 
row, and the first column signal c n+1 is simply set to 
logic 0 . 

For cells in layer 0 (cells 0, 4, 8, 12, 16, 20, 
24, 28, 32, 36, 40, 44, 48, 52, 56 and 60) the depth 
signal is simply set to logic 1. For the cells in 
layer 1 (cells 1, 5, 9, 13, 17, 21, 25, 29, 33, 37, 41, 
45, 49, 53, 57 and 61) the depth signal is provided 
by a first- set depth selection signal DEP AO if the 
cell is in an even-numbered column and by a second- set 
depth selection signal DEP B0 if the cell is in an odd- 



numbered column. For cells in layer 2 (cells 2, 6, 10, 
14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58 and 62) 
the depth signal is provided by a first-set depth 
selection signal DEP Al if the cell is in an even- 
numbered column and by a second- set depth selection 
signal DEP Bl if the cell is in an odd-numbered column. 
Finally, for cells in layer 3. (cells 3, 7, 11, 15, 19, 
23, 27, 31, 35, 39, 43, 47, 51, 55, 59 and 63) the 
depth signal d^ is provided by a first -set depth 
selection signal DEP A2 if the cell is in an even- 
numbered column and by a second-set depth selection 
signal DEP B2 if the cell is in an odd-numbered column. 

Figure 12 shows decoder circuitry for use in 
producing the row, column and depth selection signals 
ROW 0 to ROW 2, COL AO to COL A2 , COL BO to COL B2, DEP 
AO to DEP A2 and DEP BO to DEP B2 . The decoder 
circuitry of Figure 12 includes an input latch 3 2 that 
is constructed and functions in the same way as the 
input latch 32 of the first embodiment (Figure 6). In 
place of the row and column decoders 36 and 34 of the 
first embodiment (Figure 6) , however, the decoder 
circuitry of Figure 12 includes a depth decoder 54, a 
column decoder 56 and a row decoder 58. 

Figure 13 shows one example of the possible 
implementation of the depth decoder 54 of Figure 12 . 
In this example, the depth decoder 54 is implemented by 
six four-input multiplexers Ml to M6 . Each multiplexer 
Ml to M6 has three selection inputs and selects one of 
its four inputs in accordance with the signals applied 
to the three selection inputs. In Figures 13 to 15, 
"x" in relation to a particular selection input denotes 
a "don't care" state in which the selection input 
concerned can be either 1 or 0. 

Figure 14 shows one possible implementation of the 
column decoder 56 of Figure 12. Again, the column 
decoder in this implementation is constituted by six 
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f our- input multiplexers M7 to M12 . 

Figure 15 shows one possible implementation of the 
row decoder 58 of Figure 12 . In this implementation, 
the row decoder is provided by three four- input 
multiplexers Ml 3 to M15 . Each of the multiplexers M13 
to M15 in Figure 15 is shown to receive at one of its 
three selection inputs a "format signal". This format 
signal is used to denote whether the binary input word 
DO to D5 is in unsigned binary or in two's complement 
notation. The use of such a format signal is an 
optional feature. 

In the depth, column and row decoders 54, 56 and 
58 shown in Figures 13 to 15, because the multiplexers 
Ml to M15 are used to generate the row, column and 
depth selection signals based on the complementary 
signals from the input latch 32, there is a uniform 
propagation delay between, the input latch and these 
selection signals, provided that the latch outputs are 
appropriately sized for their respective loads. 

Figure 16 presents a table showing the ROW, COL A, 
COL B, DEP A, and DEP B selection signals produced by 
the decoders 54, 56 and 58 of Figure 12 in response to 
different values of the input word D5-D0. Again, as is 
apparent from Figure 16; when the input -word value 
changes by 1, the maximum number of selection signals 
that change is two. Whenever a change of 1 in the 
input -word value brings about a change in the depth 
selection signals DEP A and DEP B, none of the row 
selection signals ROW and none of the column selection 
signals COL A and COL B changes. Furthermore, whenever 
a change of 1 in the input -word value brings about a 
change in the column selection signals COL A and COL B, 
.none of the row selection signals changes and none of 
the DEP A and DEP B selection signals changes. Also, 
when a change of 1 in the input -word value brings about 
a change in one of the row selection signals, none of 



the COL A and COL B selection signals changes and none 
of the DEP A and DEP B selection signals changes. 

The thermometer coding technique used in the 
second embodiment is also highly efficient in terms of 
the total number of selection signals required : only 15 
as compared with 21 in the first embodiment. In 
addition, since the COL A and COL B signals undergo 
respective . complementary changes, as do the selection 
signals DEP A and DEP B, the net noise level imposed on 
the power supply is equivalent to just three selection 
signals (the number of row selection signals) . The 
maximum number of series -connected gates involved in 
the decoding process is only three in the second 
embodiment', contributing to high-speed operation. 

In the second embodiment, it is possible to 
produce just one set of "smoothed" column selection 
signals (e.g. COL A) and ,pne set of "smoothed" depth 
selection signals (e.g. DEP A) instead of two sets. In 
this case, the local decoders 46 (Figure 11) in 
different cells must have different logic according to 
whether they are in odd or even columns and whether 
they are in odd or even rows. The noise-cancellation 
advantage of using two sets of selection signals for 
the column and depth directions is lost in this case/ 
but the number of signals requiring distribution is 
reduced to just nine. The order of the cells in the 
cubic array may be reversed in some columns or rows in 
this case, for reasons analogous to those given in 
relation to the first embodiment. 

Alternatively, it is possible to use just one set 
of column selection signals and one set of depth 
selection signals and to have these sets coded 
according to the normal (Figure 2) thermometer coding 
technique, i.e. coded as the row selection signals are 
coded in the second embodiment. 

It will be appreciated that it is not necessary 



for the cells in the second embodiment to be arranged 
physically in three dimensions- Only a logical 
arrangement is required. For example, the different 
layers in Figure 10 could be arranged side-by- side as 
square arrays on a -common substrate. Alternatively, 
the cells 0 to 15 of the four row O's could be arranged 
as one square array, the cells 16 to 31 of the four row 
l's could be arranged as a "row-1" array by the side of 
the "row-0" array on a common substrate, and so on. 
Respective "column-0", "column-l" etc. square arrays of 
16 cells could also be arrayed side by side on a common 
substrate. The square arrays themselves could bet sub- 
divided in turn into lines or blocks. 

In the first embodiment it is not necessary that 
the number of rows be equal to the number of columns . 
Similarly, in the second embodiment, the dimensions in 
the. row, column and depth directions can be mutually- 
different . 

It is also possible for the coding technique 
embodying the present invention to produce selection 
signals having more than three "dimensions" (i.e. one 
or more further dimensions in addition to the row, 
column and depth directions of the second embodiment) . 

Although thermometer coding techniques have been 
described above in particular relation to DACs, it will 
be understood that these techniques can be applied 
usefully in any type of circuitry in which there are a 
plurality of similarly-constituted circuit elements 
(cells) that must be activated in a sequential manner 
to perform respective predetermined operations. For 
example, the coding techniques can be applied in mixers 
and in programmable current generators. 



CLAIMS 

1. Coding circuitry, for producing a first set of 
thermometer-coded output signals in dependence upon a 
binary input signal, wherein, as the input signal 
increases progressively in value from a first value to 
a second value, the first -set output signals are 
activated in a predetermined sequence and, as the input 
signal increases progressively in value from the said 
second value to a third value, the first -set output 
signals are deactivated in a predetermined sequence. 

2. Coding circuitry as claimed in claim 1, wherein 
when the input-signal value changes from any value to 
the next -highest value or to the next -lowest value, at 
most one of the first-set output signals is activated 
or deactivated. 

3 . Coding circuitry as claimed in claim 1 or 2 
wherein, when the input signal decreases in value from 
the said second value to the next-lowest value, none of 
the first-set output signals is changed. 

4. Coding circuitry as claimed in claim 1, 2 or 3, 
wherein the predetermined activation and deactivation 
sequences for the first -set output signals are such 
that the first output signal to be activated in the 
activation sequence is the last output signal to be 
deactivated in the deactivation sequence. 

5. Coding circuitry as claimed in any preceding 
claim, further operable to produce a second set of 
thermometer- coded output signals in dependence upon the 
said binary input signal such that, as the input signal 
increases progressively in value from the said first 
value to the said second value, the second- set output 
signals are deactivated in a predetermined sequence 
and, as the input signal increases progressively in 
value from the said second value to the said third 
value, the second- set output signals are activated in a 
predetermined sequence. 



6. Coding circuitry as claimed in claim 5, wherein, 
when the input -signal value changes from any value to 
the next -highest value or the next -lowest value, at 
most only one second- set output .signal is activated or 
deactivated. 

7. Coding circuitry as claimed in claim 5 or 6, 
wherein, when the input signal decreases from the said 
second value to the next-lowest value, none of the 
second-set output signals is changed. 

8. Coding circuitry as claimed in claim 5, 6 or 7, 
wherein when the input signal changes from one value to 
another value the number of output signals that are 
deactivated in one of the first and second output- 
signal sets is equal to the number of output signals 
that are activated in the other of the first and second 
output-signal sets. 

9. Cell array circuitry, including: 

a plurality of cells arrayed logically in rows and 
columns, each cell of the array having local decoder 
means connected for receiving a row selection signal 
corresponding to its row and a column selection signal 
corresponding to its column, and operable, in 
dependence upon the received row and column selection 
signals, to produce a control signal for use in 
controlling a predetermined operation of the cell; 

a row decoder for producing the said row selection 
signals corresponding respectively to the said rows; 
and 

a column decoder, comprising coding circuitry as 
claimed in any preceding claim, the said column 
selection signals corresponding respectively to the 
said columns being provided by the said output signals 
of the coding circuitry. 

10. Cell array circuitry as claimed in claim 9, 
wherein the said row selection signals are also 
thermometer-coded signals. 
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11. Cell array circuitry as claimed in claim 9 or 10, 
wherein each cell is also connected for receiving the 
row selection signal corresponding to the next row of 
the array. 

12. Cell array circuitry as claimed in claim 9, 10 or 
11, wherein the said column decoder comprises coding 
circuitry as claimed in any one of claims 1 to 4 and 
the said first -set output signals constitute 
respectively the said column selection signals. 

13. Cell array circuitry as claimed in claim 12, 
wherein: 

the array of cells has alternate first and second 

rows ; 

the local decoder means in each first -row cell is 
operable to produce its said control signal when the 
said row selection signal corresponding to the cell's 
row and the said column selection signal corresponding 
to the cell's column are both activated or when the 
said row selection signal corresponding to the next row 
is activated; and 

the local decoder means in each second-row cell is 
operable to produce its said control signal when the 
said row selection signal corresponding to the cell's 
row is activated and the said column selection signal 
corresponding to the cell's column is deactivated or 
when the said row selection signal corresponding to the 
next row is activated. 

14. Cell array circuitry as claimed in claim 9, 10 or 
11, wherein: 

the said column decoder comprises coding circuitry 
as claimed in any one of claims 5 to 8; 

each column has respective first and second column 
selection signals corresponding to the column 
concerned, the first column selection signals 
corresponding to the different columns being provided 
respectively by the first-set output signals of the 
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coding circuitry and the second column selection 
signals corresponding to the different columns being 
provided respectively by the second- set output signals 
of the coding circuitry; 

the cell array has alternate first and second 
rows; and 

for each column of the array, the local decoder 
means of first -row cells of the column concerned are 
connected to receive the said first column selection 
signal corresponding to the column concerned, and the 
local decoder means of second-row. cells of the column 
concerned are connected to receive the second column 
selection signal corresponding to the column concerned. 

15. Cell array circuitry as claimed in claim 14, 
wherein the said local decoder means in each cell is 
operable to produce its said control signal when the 
said row selection signal corresponding to the cell's 
row and the said column selection signal corresponding 
to the cell's column are both activated or when the 
said row selection signal corresponding to the next row 
of the array is activated. 

16. Cell array, circuitry as claimed in any one of 
claims 9 to 15, wherein the said row decoder is 
connected for receiving- a first portion of a binary 
input -word signal applied to the cell array circuitry 
and produces the said row selection signals in 
dependence upon the first portion, and the said column 
decoder is connected for receiving a second portion of 
that binary input -word signal, which portion 
constitutes the said binary input signal of the said 
coding circuitry. 

17. A digital-to-analog converter including cell array 
circuitry as claimed in any one of claims 9 to 16, 
wherein each of the said cells comprises a current 
source or current sink and a switch circuit having an 
input connected to the current source/sink of the cell 



and also having respective first and second outputs, 
and operable selectively, in dependence upon the said 
control signal, to connect its said input to its said 
first output or to its said second output. 

18. A digital-to-analog converter as claimed in claim 
17, wherein the respective current sources/sinks of the. 
said cells source/sink identical currents. 

19. A digital-to-analog converter as claimed in claim 
17 or 18, wherein the respective first outputs of the 
cells are connected together to a first summing path of 
the converter and the respective second outputs of the 
cells are connected together to a second summing path 
of the converter. 

20. Coding circuitry, for producing thermometer- coded 
output signals in dependence upon binary input signals, 
including: 

first coding means connected for receiving a first 
binary input signal and operable to derive therefrom a 
first set of thermometer- coded output signals; 

second coding means connected for receiving a 
second binary input signal and operable to derive 
therefrom a second set of thermometer- coded output 
signals; and 

third coding means * connected for receiving a third 
binary input signal and operable to derive therefrom a 
third set of thermometer -coded output signals. 

21. Coding circuitry as claimed in claim 20, wherein 
at least two of the said first, second and third binary 
input signals are derived from a common input -word 
signal . 

22. Coding circuitry as claimed in claim 20, wherein 
all of the said first, second and third binary input 
signals are derived from a common input-word signal. 

23. Coding circuitry as claimed in claim 22, wherein 
the said first, second and third binary input signals 
are derived from different respective portions of the 



said common input-word signal. 

24. Coding circuitry as claimed in any one of claims 
20 to 23 , wherein the output-signal set derived by at 
least one of the said first, second and third coding 
means is a smoothed output-signal set in which, as the 
received binary input signal increases progressively 
from a first value to a second value, the output 
signals derived by the coding means concerned are 
activated in a predetermined sequence and, as the 
received binary input signal increases progressively in 
value from the said second value to a third value, the 
output signals are deactivated in a predetermined 
sequence . 

25. Coding circuitry as claimed in claim 24, wherein 
the or each coding means that derives such a smoothed 
output -signal set is also operable to derive a further 
smoothed set of thermometer -coded output signals in 
dependence upon its said received binary input signal 
such that, as the received binary input signal 
increases progressively in value from the said first 
value to the said second value, the output signals of 
the further smoothed set are deactivated in a 
predetermined sequence and, as the received binary 
input signal increases progressively in value from the 
said second value to the said third value, the output 
signals of the further smoothed set are activated in a 
predetermined sequence. 

26. Cell array circuitry including: 

a plurality of cells arrayed logically in 
respective first, second and third dimensions, each 
cell of the array having local decoder means connected 
for receiving a first-dimension selection signal 
corresponding to its first-dimension position in the 
array and a second-dimension selection signal 
corresponding to its second-dimension position in the 
array and a third-dimension selection signal 



corresponding to its third -dimension position in the 
array, and operable, in dependence upon the received 
selection signals, to produce a control signal for use 
in controlling a predetermined operation of the cell; 
and 

coding circuitry as claimed in any one claims 20 
to 25, the said first -dimension, second-dimension and 
third-dimension selection signals being provided by the 
said first, second and third output -signal sets 
respectively . 

27. Cell array circuitry as claimed in claim 26, 
wherein each cell is also connected for receiving the 
first -dimension selection signal corresponding to the 
next first-dimension position of the array and the 
second-dimension selection signal corresponding to the 
next second-dimension position of the array. 

28. Cell array circuitry, as claimed in claim 26 or 27, 
including coding circuitry as claimed in claim 25 in 
which the said third coding means are operable to 
produce two such smoothed output -signal sets serving to 
provide, for each third-dimension position, a first 
third- dimension selection signal corresponding to that 
position and a second third- dimension selection signal 
corresponding to that position; 

the cell array having alternate first . and second 
second- dimension positions; and 

for each third-dimension position, the local 
decoder means of cells at the first second-dimension 
positions are connected to receive the said first 
third- dimension selection signal corresponding to the 
third- dimension position concerned, and the local 
decoder means of cells at the second second-dimension 
positions are connected to receive the said second 
third-dimension selection signal .corresponding to the 
third- dimension position concerned. 

29. Cell array circuitry as claimed in claim 26 or 27, 
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including coding circuitry as claimed in claim 25 in 
which the said second coding means are operable to 
produce two such smoothed output -signal sets serving to 
provide, for each second-dimension position, a first 
second- dimension selection signal corresponding to that 
position and a second second-dimension selection signal 
corresponding to that position; 

the cell array having alternate first and second 
first -dimension positions; and 

for each second-dimension position, the local 
decoder means cells at the first first -dimension 
positions are connected to receive the said first 
second-dimension selection signal corresponding to the 
second-dimension position concerned, and the local 
decoder means of cells at the second first -dimension 
positions are connected to receive the said second 
second-dimension selection signal corresponding to the 
second-dimension position concerned. 
30. Cell array circuitry as claimed in claim 28, 
including coding circuitry as claimed in claim 25 in 
which the said second coding means are operable to 
produce two such smoothed output -signal sets serving to 
provide, for each second- dimension position, a first 
second-dimension selection signal corresponding to that 
position and a second second-dimension selection signal 
corresponding to that position; 

the cell, array having alternate first and second 
first -dimension positions; and 

for each second-dimension position, the local 
decoder means cells at the first first -dimension 
positions are connected to receive the said first 
second-dimension selection signal corresponding to the 
second-dimension position concerned, and the local 
decoder means cells at the second first -dimension 
positions are connected to receive the said second 
second-dimension selection signal corresponding to the 



second-dimension position concerned. 

31. A digital-to-analog converter including cell . array 
circuitry as claimed in any one of claims 2 6 to 30, 
wherein each of the said cells comprises a current 
source or current sink and a switch circuit having an 
input connected to the current source/sink of the cell 
and also having respective first and second outputs, 
and operable selectively, in dependence upon the said 
control signal, to connect its said input to its said 
first output or to its said second output. 

32. A digital-to-analog converter as claimed in claim 
31, wherein the respective current sources/ sinks of the 
said cells source/sink identical currents. 

33. A digital -to- analog converter as claimed in claim 
31 or 32, wherein the respective first outputs of the 
cells are connected together to a first summing path of 
the converter and the respective second outputs of the 
cells are connected together to a second summing path 
of the converter. 

34. Coding circuitry substantially as hereinbefore 
described with reference to Figures 4 to 16 of the 
accompanying drawings . 

35. Cell array circuitry substantially as hereinbefore 
described with reference to Figures 4 to 16 of the 
accompanying drawings . 

36. A digital-to-analog converter substantially as 
hereinbefore described with reference to Figures 4 to 
16 of the accompanying drawings . 
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